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SOIL MOISTURE S'T UDIES UNDER IRRIGATION
BY F. S. HARRIS and A. F. BRACKEN.*

INTRODUCTION

Under normal precipitation the variety of crops which can
be successfully grown in the West is limited.
Of necessity, irrigatation was practised and with it came many complex problems.
The , ater requirements of different crops, the water-holding
capacity of soils, the movement of soH moisture, and numerous
other related problems ' have given themselves up for investigational work.
Plants depend primarily upon the moisture in the soil for
their growth, and since moisture is constantly being agitated
by a great variety of complex forces each tending to cause it to
act differently, soil moisture movement has been, and still needs to
be, given considerable attention.
This bulletin discu es a few
of t hese problems of soil moisture movement and distribution
under field conditions.
The experiments from which the information herein r eported
was ·collected were conducted at the Greenville farm, of the Uta'h
Experiment Station· at North Logan.
The soil is a deep, rich
clay loam, dark in color and uniform in texture to a depth of at
least ten feet. The soil contains about 40 per cent of calcium and
magnesium carbonates. These features make it almost ideal for
s oil moisture study.
Except when stated otherwise, all soil moisture samples were
taken to the depth of ten feet.
The foot-sections of soil in
sampling were placed in tight glass jars and moisture determined
in the usual way.
All moisture percentages for these experiments were calculated on the dry basis.
The water applied for the irrigation experiments was distributed to the plats through a Cippoletti weir by means of wooden
flumes especially built to allow accurate measurement of the
,vater. ' The amounts given represent the depth of water applied
to the plats.
*The authors are indebted to many faithful and efficient helpers who
have during the years of the experiment assisted in taking samples and
making moisture determinations.
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REVIEW OF LITERATURE
.

For many years the problem of soil moisture movement has
given attention by a number of investigators.
The literature covering these investigations is extremely valuable, but is
so voluminous that. only a brief resume' of the parts bearing on
the work which follows can be given in this bulletin. In general,
the review of the literature will be discussed in the order of the
discu~sion in this bulletin.
be~n

Effect of Irrigation
King(a), one of the foremost investigators in soil moisture
work, observed a very slow rate of penetration in a gravelly clay
soil after 1.4 inches of rain, while the lateral movement did not
exceed three feet. With a sandy loam soil Loughbridge (b) found'
the downward movement of irrigation water to be very irregular
in its rate of movement as well as in the amount retained at various depths. In furrow irrigation he found that water did not
move outward more than t wo feet, and that the relative proportion
of dry soil to the wet increased at first, then decreased with depth.
He also observed that when downward movement· had apparently
ceased there was always the greatest amount of water in t he upper
t wo feet wit!: a dimunition as depth' increased.
Widtsoe and McLaughlin ( c) pointed out that 'irrigation water
penetrated vcry rapidly to a depth of six feet; that distribution
of water is greatest near the surface and decreases in percentage
'downward; that with a given quantity of irrigation wa.t er on a
given soil the percentage distribution is always the same for each
foot shortly· after irrigation; that the lateral movement of moisture increases with depth; and that the movement of moisture is
very slow in the Greenville soil when the percentage is as low as
12.75.
(a)
(b)
(c)

King, F. H., 1894.
The effect of depth of cultivation on the water
content of the soil.
Wis. Sta. 11th Ann. Rpt., 1894, pp. 27!-291.
Loughbridge, R. H., 1908.
Distribution of water in soils in fur r ow
irrigatian.
U. S. Dept. Agr.. , O. E. S. Bu!. 263, pp. 9-59.
Wldtsoe, J. A. and McLaughlin, W . W., 1912. Movement of water
in irrigated soils.
Utah Sta. Bu!. 115, pp. 195-268.
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The experiments conducted by Allen(d) indicate that with 2.5
inches, 5 inches, and 10 inches in an irrigation the same quantity
of water is retained in the upper four feet of soil after a period
of twenty-four hours.

Effect of Cultural Method and Mulches
From King's(e) investigations it is evident that cultivation,
because it keeps the soil cooler below the surface and thus
strengthens capillarity, tends to decrease the downward perco.lation of water. As a result of this increased capillary power
the soil water was moved upward at a faster rate and through
longer distances. He(f) also found that the soil immediately b~
low a 3-inch cultivation was more moist than below a Vl2 -inch
cultivation, but that the th~rd and fourth feet below the 3-inch cultivation were drier than below the Ilj2-inch cultivation.
Thus,
the more moist surface soil gained moisture at the expense of the
lower soil.
In laboratory experiments King(g) showed a. I-inch cultivation
t.o be the most effective in conserving moisture.
Kedzie's field
experiments(h) indicated cultivated plats, to a depth of six inches,
had three per cent more moisture than naked fallow; and that
the former actually gained two per cent moisture in the top' foot,
while the naked fallow gained one-tenth of one per cent during a
period of drought.
The work of Chilcott and Holm (i) supports
King's conclusions that the moisture was bulked in the first foot
when deep cultivation was given the plats, while the lower depths
were actually drier than the corresponding. depths of shallow-cul(d )

Allen, Jit. W., 1913.
Irrigation and other experiments, Umatilla
project, Oregon, 1913.
In U. S. Dept. Agr. Bur. PI. Ind. Work Umatilla Exp. Farm, 1913,
pp. 1-5 .
(6) King, J.i'. H. , 1890. Soil water.
Wis. Sta. 7th Ann. Rpt., 1890, pp. 139-147.
(0 King, F. H., 1891. Rise
water in natural field soil from below 5
feet.
Wis. Sta. 8th Ann. Rpt., 1891, pp. 100-134.
(g) King, F. H., 1893.
Studies relating to ground water and !!Ioil moist,ure.
Wis. Sta. 10th Ann. Rpt. 1893, pp. 167-200.
(h) Kedzie, R. C., 1889.
Relation of cultivation to soil moisture.
Mich. Sta. 2nd Ann. Rpt" 1889, pp. 26-28.
(i) Chikott, E. C. and Holm, A. B., 1897.
Moisture investigations In
1897.
S. Dak. Sta. BuI. 58, pp. 55-84.

0'
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tivated plat. All cultivated plats contained more water than the
uncultivated fallow.
Hays(j) found that the cultivated plats had no more moisture
late in the season than the uncultivated fallow, and plats with
straVi mulches four inches deep contained 5 per cent more mois~ure than bare fallow.
Cardon(k) found no advantage in deep
plowing or subsoiling over shallow plo'wing so far as moisture
conservation was concerned.
Eft'ect of Manure .
After twenty-five years of experimentation, K. T. Mankovski(l) concluded that the influence of manure freshly plowed
under on the moisture of the soil during the period of fallow cannot be considered favorable.
If, however, in wet periods the
moisture of the tilled layer of the soil on the manured fallow is
higher, the drying out of the upper layer of the soil on the fallow
is more rapid during a period of drought, and 'about the time of
, seeding the manured fallow soils are drier than the unmanured
fallows.
T'he manure apparently produced no appreciable inWhitfluence on the moisture of the deeper layers of the soil.
ney(m) showed that manure, on account of the urine present,
lowers the surface tension of the water in the upper layers. of
soil, thereby allowing movement from the surface to lower depths.
'I he same authority(n) later concludes that the urine in the manure has a tendency to deflocculate the soil particles, which in
turn prevents the moisture from being lost by downward movem'e nt.
King's experiments(o) in the field and in cylinders indicate that manure has a 'considerable influence in increasing the
water content of the soil even down to a depth of four feet, and
Hays, W. M., 1900.
Sub-experiment farms.
Minn. Sta. Bul. 68, pp. 557-730.
(k) Cardon, P. V., 1915.
Tillage and rotation experiments at Nephi,
Utah.
U. S. Dept. Agr. Bu!. 157, p. 45.
' (1 ) Mankovski, K. T., 1909.
Summary of results of the Poltava Experiment Field for 25 Years, 188 ~-1906--II Cereals No.6, pp.
(j)

~57-864.

Russ. Jour. Exp. Landw.
(m) Whitney, M., 1889.
On the movement of soil water.
S. Car. Sta. 2nd Ann. Rpt., 1889, pp. 139-145.
(n) Whitney, M., 1891.
The circulation of water in the soil.
Md. Sta. Rpt. 1891, pp. 253-2 56.
(0) King, F. H., 1892.
Influence of barnyard manure on the movemen t
and amount of water in soil.
.
Wis. Sta. 9th Ann. Rpt., 1892, pp. 106-111.
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that this influence is till exerted a year after manuring. H e(p)
later says that the surface foot of manured fallow ground
the second and third foot will contain much more moi ture than
the corresponding depths of unmanured soil.
He al 0 s~ows
t hat manure tends to decrease the water of the succeeding three
fee t and that wetting the surface of sand with liquid that leached
fr om manure reduced the upward movement of moisture by
eapillarity by sixteen inches and reduced the rate of evaporation
from the surface by 49.6 per cent.
Snyder(q) also found that
manuring increased the moisture over unmanured soil during a
period of drought.
E'XPERIM~NTAL

RESULTS
Potatoes and Beets under Irrigation
:B'igures 1, 2, 3, and 4 give the results of a 2-year test (1912
and 1913) with beets and potatoe""' grown un der irrigation with
water applied in furr ows .
The plats used in this experimen t
were 41F to 45F and 61F to 65F inclusive. Each plat was 30 by
58.08 feet, making 1-25 of an ~cre .
As indicated in the figures, weekly irrigation of 1, 2112, 5, and
7112 inches were given for a p eriod of five weeks, making a t otal
of about 5, 12 112, 25, 37112 inches of water for the respective irrigations. Irrigation began as so on as the crops showed need of it.
Variations due to soil were eliminated by planting beet on
plats 41F to 45F and potatoes on plats 61F to 65F inclusive in
1912 with an interchanging of crops in 1913.
To study the distribution and efficiency of t hese different
treatments, soil samples were taken to a depth of ten feet immediately before, 24 hours aft er, and one week after irrigation.
'fhe samples were taken from three different parts of each plat
in fo ot sections.
All corr esponding se~tions were mixed to
The data given in Figure 1 and 2
make a composite sample.
are averages of all of these results for the two year .
As would be expected, increa ing the amount of water applied caused an· increase in the moisture content of the soil to the
full d epth of ·s ampling for these plats. Figure 1 and 2 are quite
(p)
(0.)

King F . H ., 1893. Studies relating t o ground water a nd soil moisture.
Wis . Sta. 10th Ann. Rpt. , 1893, pp. 167-200.
Snyder, H ., J 893 . The comp arison of naJ ive and cultivated soils
and the effect of conti n uou s cultiv ation on their fertility.
Minn. Sta. Bul. 30, pp. J 53-191.
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Fig. I.-Diagram showing distribution of moisture in soil cropped to
potatoes 24 hours before, 24 hours after, and one week after irrigation.
AYerage of two years' results.

similar in this respect.
The striking thing brought out in both
figures is the rapidity with which the water entered the soil.
Even an irrigation as small as 1 inch caused an increase of almost
1 per cent to a depth of 10 feet in twenty-four hours after irrigation.
The I-inch irrigation showed the largest average gain
for the water applied.
The 21j2-, 5-, and 71j2-inch applications
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pERCENTAGE
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Fig. 2.-Diagram showing distribution of moisture in soil cropped to
beets 24 hours before, 24 hours after, and one week after irrigation.
Average of two years' results.

produced an increase over the I-inch irri,gatio.n, but the gain. III
the total moisture was not in proportion to the water applied.
The distribution of moisture in Figures 1 and 2 is practically
identical for every depth making only one discussion necessary
for both. Twenty-four hours after irrigation the surface foot in
almost every test showed the highest percentage moisture and
the seventh foot lowest with a gradual increase both ways from
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t hi

point.
One week after irrigation the third foot from the
urf ace contained the highest percentage moisture in .a lmost every
ie t with a decrease toward the surface; otherwise, the distriWhen sampled
bution was about the same as 24 hours after.
before irrigation the figures indicate that the distribution of
moisture was almost identical with that one 'week after.
Since plants obtain most of their moisture from near the surfa ce and evaporation is almost 'entirely from this point, the high
pereentage moisture 'o f the top two feet just after irrigation is
reduced to below that in the third foot by the end of one week.
But as depth increased below 3 feet the percentage of . moistur e
decreased to the eighth foot due to the fact that friction, u rface tension, and, perhaps other retarding forces equalize within
certain limits the action of gravity.
The 10 s of moisture was
inversely as the depth near the surface, but after a certain point
was reached-about 3 feet-the loss was more uniform throughOr, in other words, the third foot seems to be a point of
out.
equilibrium between the forces which tend to draw the moisture.
£'ercentoge of'moi s t lJre I n th e S OI /
upward and the forces which t en d
wi th d l ff'erenf i rrig a tion s
to draw it downward; one for ce
had not sufficient power to make
movement possible when it had
fri ction and ' other forces to overcome.
Figure 3, taken from Figures 1
and 2, is an average for both
crops. This figure shows the average variation and distribution of
moisture 24 hours before and 24
hours after irrigation. It shows
~ or e strikingly: (1) that 24 hours
after irrigation an incr ease in
moisture content t ook place t o the
full depth sampled except fo r the

~IIIIIIIII~_-:-:--J 2 h -inch ·a ppli cation where t her e
1

. .~

Fg. 3.- Diagram s howing distribution of moi s ture before and after
1, 2Yz , 5, and 7 Yz incbes of water
were a pplied . ver a ge of two years'
r esu lts.

was a decrease below the seventh
foot; (2 ) that the surfa ce foot
'
.
showed the largest Increase In
moi ture with a gradual decrease
d
d (3) t h t th 1
t
ownwar ;
a
e arges
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proportionate increa e occurred under the I-inch application; and
(4) that before irrigation the third foot contaiJ?ed the highest
percentage moisture and the seventh foot least with gradual
change to these points.
Figure 4, taken from Figures 1 and 2, shows the influence of
cropping to beets and potatoes on the soil moisture.
The data
represented in the figure are averages for all depths, before, 24
hour after, and one week after irrigation for 1, 21/2, 5, and 71/2
inches of water weekly.
As indicated in the figure, the differences between the two crops is so small that it is almost negligible.
With the two small irrigations-l and 2% inches weekly-plats
growing potatoes contained the highest percentage of moisture
by a small margin; with 5 inches weekly beet plats contained
the most moi ture, while with 71/2 inches of water weekly the
plats growing potatoes again showed the most moisture.

~§ ~:j
~§ ~~ ~

I

c::i

2

-

24HOUR
BEFORE

~ 2:F7~:

~ f..i1~~%

't%g:

;

2
B

2

24 HOURS

~

f WEEK

~

ArTER

.

·AFTER

2

Z4HOURS

.""C>

IWEEK

~ 2~~~~k

§
I;

AFTER
AtTER
24 HOUR

2 2~r:a~:~
~

AFTER

~ 'X~~~~

PERCE:NTAGE: MOISTURE
•

•

, .. ,." . .... .

"n .........' " .. " ..
~ P.t~( • .,
-

Bcd.

There was very little difference
in the moisture content of soils
d·
b
'f
pro uClng eets and potatoes; dl ferences existed but they were
small and variable. The largest'
proportionate increase in moisture occurred after the I-inch irrigation; that is, as the amount of
water applied increased its efficiency decreased. Comparing the
yields for beets and potatoes
grown under the different treatments, it was found that 1 inch of
water weekly gave larger yields
than any of the other irrigation

Fig. 4.-Digram showing the dif- treatme~ts.
ference between beets and potatoes in using water from the
The data for Figure 5 were colsoil 24 hours before, 24 ho~r~ af~er, lected from plat 41F to 45F and
and one week after IrrIgatIOn
when 1, 2-'h, 5, and 7lh inches were 61F to 65F in clusive to show the
applied weekly.
relation hip between the initial

percentage of moisture in the soil and the water retained after
different irrigations. The soil samples were taken to a depth of
ten feet 24 hours before, and 24 hours after irrigation.
Each
initial percentage represents the average moi ture content to the
full depth sampled.
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In ev ery irrigation
treatment, and for all ' IncA. water- 0. pp led
most every initial per12.-/J
1d-/4
centage, the moisture
14-15
content
after irrigation
" -16
2 ':{ Inches water- applied
increased with the initial
- 16
U'l
percentage. Comparing
W 16- I'
~
<i 11 - 18
the 15-16 initial perZ
centages after the I-inch
W
5 Ir\c h es wate r , pplled
0
irrigation there was an
IT 12 - 1d
W Id -I4.
fiincrease of 0.8 of one per
14.-16
--l
cent; after . the 2lj2-inch
<[ 15-16
i= 16-11
irrigation
there was a
~ /1- 18
gain
of
1.2
per ceni;
/8 - "
'~-20
and after the 5-inch irri20-21
gation there was a
1.!i Inches water- a piled
11-20
gain of 3.6 per cent.
1.0 -ill
Under the 5-inch irri•
Before Ir ri Gotlon
gation the 12-13 initial
Fig. 5.-Diagram showing variation of percentage shows a gain
. moisture before and after 1, 2lh, 5, and 7lh
d
inches of water were applied as influenced of 1.1 per cent, an
as
by the initial percentage. Average of two the initial percentage inyears' results.
creased up to 15-1'6 the
gain also increa.s ed after irrigation.
From this point
a d'ecrease took place until at 20-21 the gain was
only 1.2 per cent.
For the I-inch irrigation, averaged
for all initial percentages, there was a gain in moisture
of 1.3 per cent; for the 2 1h-inch irrigation a gain of 1.0 per cent;
for the 5-inch irrigation a gain of 2.2 per cent; and for the 7lj2inch irrigation a gain of 2.0 per cent.
Where the increase of
soil moisture as spoken of after a I-inch irrigation, both in the
general averages and when applied to soil containing an initial
amount of 15-16 per cent, the percentage increase is greater than
(~a:ii ~ accounted for when the amount applied is considered.
Experimental error seems to be the reason.
- PERC_EN T ..f\ GE
2

4

6

8

Ie!)

12

M O I S T UR E
14

16

18

2.0

22

I~

~

18 - 1~

~I-H

The extremes for the initial percentage-low and high-are
only given for the 5-in-ch application of water, and from the figure
the soil which retained most moisture after irrigatio.n had an
initial percentage between 15 and 16.
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From a practical standpoint this experiment shows that soil
when too dry or too wet does not increase in moisture content
after irrigation as much as if the moisture content were just right.
frhe ~-inch application in the table showS' this point.

Distribution and Movement of Moisture in

F~rrow

Irrigation

The data given in Figure 6 were taken from an experiment
c.onducted on plat 89G.
Two inches of water were applied in
ro.=c~~:--;;<=I~n;;;c::-;;:;r;-;;;O;::~;:;;:;-;:;;;;:;;:;-;:-TI furrows which were three feet
apart. As indicated by the figure
r
samples were taken to a depth of
2
i5
ten feet 24 hours, one week, and
5
=~~~'~b two weeks after irrigation. The
6
1
figure shows that the area under
W ()
:::::=::===::::E:=-::-,--::---------i the furrow contains a higher per-

rg

W
r illillli!;:~-l under
centage of moisture than the area
LL 2
the ridge 24 hours after
3
Z
4
_5

·irrigation. The average percen6
tage for the furrows to a depth of ·
II
8
ten feet was 13.7; for the ridges
~
~
11.0 per cent. Twenty-four hours
r9ro i11111111!11~~~~_~
WI
after irrigation the surface foot
o~
in the furrow contained the high4
est p,ercentage of moisture with a
:5
6
gradual decrease with depth until
'7
{)
the
fifth foot was reached where
9
ro
an increase began. The surface
Fig. 6.-Diagram showing per. foot of the ridges was apparently
centage moisture . in fUl:rows and not affected by the irrigation in
ridges
weeks
were
year's

24 hours, one week, and two
after two inches of water 24 hours although the second apapplied.
Average of one pears to have been. One week
results.
after irrigation the difference be-

tween the surface foot under the ridge and under the furrow was
only 1 per cent, but the furrows are practically one foot deep
which means that the second foot under the ridge was at about
the same level as the first foot under the furrow. Comparing soil
on the same level there was a difference of almost 1 per cent in
favor of the ridge.
With the soil under the furrows there was a gradual decrease
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in moisture with the time.
Twenty-four hours after irrigation
the average percentage of moisture to the full sampled depth was
13.7; one week after 13.3; two weeks after irrigation 13.1. With
the soil area under the ridge, averaged for all depths, there was
a gradual increase; 24 hours after irrigation the moisture percentage was 11.0; one week after 12.1; two weeks after 13.4 per
cent., This increase in the area under the ridges took place in
almost every foot to the full depth sampled, but the greatest inerease occurred in the second, third, fourth, and tenth foot area.
The wetter the soil, especially when the difference in the
water of tw o soils is near the surface, the more rapidly does it
lose soil moisture. Figure 6 indicates this and also that for the
same amount of moisture furrow irrigation is a more efficient
method of applying water than flooding.
In one case the whole
area is made wet which allows evaporation from the whole soil
surface; in the other only a small part of the soil surfa ce allows evaporation.
Where intertilled crops, such as beets and
P ERCE NTA CE MO ISTURE
potatoes, are grown and wher e
water is scarce the furrow method
.---~----'-----'"---~~.......---~"":""'-~~--'1. of irrigation should be used ~hereI

2

!&
I

2

!

&
I

2

!
tW
W
lL.

?;

El

(L

~

were taken from plat 89G irrigated
with furrows three feet apart.
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The data given in Figure 7
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hourly from 1 :00 P. lVI. until 5 :00
P. M. In giying the data the
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second foot under the ridge is
!;ompared with the firs t foot under the furrow, making five one-
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bution of moisture after irrigation The surface fo ot under the
to a depth of five feet .for furrows'd
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t
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ave
and ridges . . The time opposite the n ges 1 no app ear 0
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legends represents the hours sam- een influenced ver y much by the
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moisture content increased unti~ the third.foot was reached after
which a decrease began. The surface foot under the furrow showed
a decid.ed increase over the corresponding area under the ridge
for all hours of sampling. The percentage moisture in the surface foot under the furrow decreased with time, but not regularly.
The area under the ridges changed considerably less during this
period than did that under the furrows.

MQvement and Distribution of Moisture after Flooding
Figure 8 gives the distribution of moisture on plat 88G two
weeks after four inches of water were applied to the center of
PERC E NT A GE MOISTUR E
the plat. Distance from
~
~
border indicates the distance in feet from point
of application of water.
Practically all of the distances from the center of
the plat appear to be
quite similar in moisture
Icontent and in distribution. In comparing the
center of the plat with
the
other places of samI
I- 6
pling a bulking of mois0.. 9
W .,
ture was noticed in the
o
first foot, but otherwise
it was similar to all other
samplings. At all distances from the point of
applica,t ion
of water
there was a striking uniFig. 8.-Diagra m ShOWi~g" ~is~r;'b~ti~~ ~f formity in distribution of
moisture t.w 0 weeks after 4 inc hes o~ water moisture. All or" th bowere applled to center of plat. DIstance.
e r
from boarder indicates the distance from mgs showed an increase
point of appilcation. Average of one year's of moisture to the third
results.
f
oat, then a decrease to
the fifth foot with a tendency to increase, culminating in a decided increase at the tenth foot.
From this experiment it was
evident that lateral movement in this soil was not very pronounced
to distan ces even as small as 1 foot in two weeks' time.
l

4

6

•

...,

•

4

6

0

.,

14

MIOQLE OF' PL AT

2'

i1S-

FOOT FROM . BORO R

FOOT FROM BORO! R

,4

4'" FOOT FROU BORO :R

lAG

8

.,

12

14

6" FOOT FF=lOM BOR(

16

18

R

16

BULLETIN NO. 159

Figure 9 represents results which were also obtained from
plat SSG. Two inches of water were applied to the center of the
plat and Boil samples were taken in the middle, two feet nort h and
two feet south from the middle, and four feet north and four feet
south from the middle of plat, 24 hours, 48 hours, 8-days, and 15
days after irrigation. Twenty-four hours after irrigation the percentage moisture in the middle of the plat tended to vary inverse"''''''H:''J'l~ P
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Fig. 9.-Diagram showing distribution of moisture 24 hours, 48 hours, 8 days, and 15 days after 2
inches of water were applied to center of plat. The
samples were taken in middle, two feet and four
tet each way from middle of plat. A verage of one
year's results.

ly with the depth, while two feet each way and four feet each
way the moisture percentage varied directly with the depth to
the third foot before the decrease began.
Forty-eight hours after irrigation, although the surface foot
had lost 2 per cent, it was still highest in moisture content. From
the surface foot down there was considerable fluctuation with
the third and tenth feet containing the highest percentages of
moisture.
The samples taken eight and fifteen days after irrigation
were quite similar in distribution of moisture showing that
practically all moisture movement had ceased before this time.
In both samples the moisture percentage for almost every depth
decreased with the distance from the point of application of the
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water.
'fhe third foot contained the highest percentage moisture of any foot with a decrease both upward and donwward until the tenth foot was reached, where as usual an increase took
place.
The data represented in Figure 10 were taken from plats
81G, 82G, 83G, .86G" and 87G.
The water applied to these
plats varied from one to five inches.
The black line drawn
opposite the moisture percentages represents the original average
moisture content before irrigation.
Therefore, the moisture
percentages to the right of the line indicate the increase in moisture due to .irrigation.
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Fig. 10.-Digram showing distribution of moisture one day, eight 'days,
and fifteen ' tiays ,after irrigation of one to five inches.
Averages of one
year's results,

In the test eight days after a I-inch irrigation the moisture
percentages for the last two feet ar~ not given because gravel
was struck at that depth.
As in.dicated by the figure, an increase in the water applied
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caused an increase in the moisture percentage, especially in the
upper feet.
Subtracting the original moisture content from
that one day after irrigation an average increase for each foot
of 1.0 per cent was fOUnd; for the 3-inch application an increase
of 2.2 per cent for each fo ot; and for the 5-inch application an .
increase for each foot of 2.8 per cent.
From' these data it . is
evident that the loss of moisture from a soil surface varies direc tly with the time and the amount of water applied.
Calculating the same for eight days after irrigation, a 10 S
of 1.3 per cent for each foot is found for the I-inch irrigation;
for the 3-inch irrigation a loss of 0.5 per cent; and for the 5-inch
irrigation a loss for each foot of 1.6 per cent. Fifteen days after
irrigation the I-inch irrigation showed an average loss for each
foot of 1.8 per cent; t:b.e 3-inch irrigation sho.w ed a loss for each
foot of 2.3 per cent; and for the 5-inch irrigation a loss for each
foot of 2.8 per cent.
In distribution of moisture directly after irrigation Figure
10 shows that the moisture per centage varied directly: with the
depth until the ninth and tenth feet were reached when an increase was noted. Eight and fifPERCENTAGE MOI5TUR[
teen days after irrigation most of
2
4
8 /0 12 /4- /6 18
6
BEFORE IRRIGATION
the moisture is bulked in the second, third, fourth, and fifth feet.
Effect of Mulches in Conserving
I
Moisture
Figure
11
represents data col2 4- HOURS AfTf;R IRR/[ ATIDN
lected from plat 97G on the effect
of a 5-inch straw mulch, a 2-inch
cultivation, and no cultivation
with weeds pulled before, 24
8DAY:J AfTER IRRlG.t,TlON
hours after, and eight days after
I
a 5-inch irrigation. The figur e
represents the average to a depth
I
of ten feet.
Before irrigation the average
• 5 rRAW MULCH IZl [RT/VA TED l!li NOTCULTIVAT[O WUD5 PlIlLCD
Fig. ll.-Diagram showing the moisture percentages were rather
effects of a 5-inch straw mulch, a similar,. but after irrigatjon th e
2-inch CUltivation, and no cultivation with weeds pulled in conserv- part of the plat with the straw
ing moisture.. Average of one year's mulch contained 2.0 per cent
results.
more moisture than ' the cul -
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tivated part, and 3.0 per cent more than the part which was
not cultivated but had the weeds pulled. Eight days after irrigation there was a difference of about 1 per c.e nt between the
straw mulch and the cultivated soil and exactly 1 per cent between the cultivated and that not cultivated.
Figure 12 gives the distributio:r;l of moisture of the above treatments to the full sampling depth.
This figure ' is the result of
averages before, twenty-four hours after, and eight days after
PCRCLNTAGc·r MOISTuRe
• irrigation.
At most depths the

'-

~

~

i

IIIE;iIE!li~~~straw
was the most effective inmulch
preventing

~

evaporation~

with the 2-inch cultivation and

Iiiiiiil!l~=~no

]owing in order.
Again there
mulch with weeds pulled fo.l.was a variation of about 1 per
"ent between the first and second, and the second and third
Fig. 12.-Diagram showing effects treatment.
of a 2-inch straw mulch, a 2-inch
From this experiment it is
soil mulch, and no mulch with
weeds pulled in conserving mois- evident that a straw mulch is
ture. Average distribution through- more effective than either one of
out the season.
the other two treatme~ts mentioned, and ~hat a cultivation of two inch"es is more effective in
conserving moisture than no cultivation with weeds pulled. The
differences, however, in favor of one or the other are so small
after a period of eight days that the advisability of mulching
lLinges on the .question of labor.
.
Figure 13' represents data taken from plats 79G and 80G which
received no irrigation water. As the figure indiC'ates there werefour parts to the experiment which necessitated dividing each
plat into two parts.
.
In comparing the plat receiving no cultivation and weeds
pulled with the plat cultivated 1 inch deep the uncultivated plat
had about 2 per cent les moi ture than the one cultivated 1 inch
deep. Tbjs difference de reased to the third foot, then the
relation of the two treatments was reversed from what it was in
the upper feet and increased t o the sixth foot.
But when the
averages for the full sampled depth are compared there was only
a difference of 0.1 per cent in favor of the cultivated plat; th e
results are corroborated by the work of King given in the liter~
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ature review. The averages for the plats cultivated 2 and 6 inches
deep show practically no
difference, and all variations are rather irregular. When the two deepcultivated plats are com·pared with the first treatments there is a striking
difference. Only in the
top two feet is the moist~re under the deep-cultivated plats as great as
for the shallow-cultivated
anli uncultivated plats,
and below the fifth foot

PERCENTAGE M0/5TURt:
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Fig. 13.-Diagram showing the distribution of moisture to the depth of ten feet
on plat with -weeds pulled but not cultivated,
and on plats cultivated I, 2, and 6 inches
deep. .Average of one year's results.

section the difference is quite noticeable.
Comparison of Cropped and Fallow Soils
The data represented in Figure 14 were collected during the
years 1913 to 1915 inclusive..
The plats used in the experiment
were 61G to 73G inclusive each of which was subdivjded into six
parts, each part receiving a definite treatment. . As divided
there were 36 SUb-plats cropped to corn, leaving 42 uncropped.
rehe mixed cow and horse ~anure used in the manuring treatments was fairly well rotted. It was applied early' in the spring
and later disked and .plowed under. The quantity" of irrigation
water given varied from none to 40 inches and was applied from
wooden flumes as follows: For cropped plats receiving 5 inches,
2lj2 inches each at beginning of tasseling .and roasting ear stage;
for plats receiving 10 inches, 5 inches -each at the above stages;
for plats receiving 20 inches, 5 inches each when the plants were
twelve inches high, at bloom, and at roasting ear stage.
For plats receiving 30 inche.s the application was the same
·a s for 20 inches, except 5 inches ten days later than the last for
the 20 inches, and for the plats receiving 40 inches, applications
b-Qgan when plants were twelve inches high and five inches were
:applied each week until the full 40 inches had been added. The
:fallow plats were irrigated exactly in the - same manner and at
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the same time as those cropped.
In this experiment the plats were
sampled in the fall after all the-irrigation
water had been applied, in order to study
the final distribution.
In the figure the 10- and 30-inch applications are not given because those
considered are representative of the
distribution.

I

....

21

2

"

~

6

~
~
JO

Q.

l.J
C>

I

2

!
Ii
6

7

~

10

~

!
~
:

TALLOW

rlZ2J

CRoppeD

For each amount of water added t o
both cropped and fallow plats th ere.
were three amounts of manure as fol·
lows: none, 5 tons, and 15 tons. Thedata in Figure 14 are averages of all
manuring treatments.
From Figure 14 the increase in theamount of water appl{ed showed an increase in the percentage moisture for all
d
h
b h
d
d f 11
ept s on ot croppe an
a owed
plats.
The irrigations increased the·
moisture in the upper depths of the soil

Fig. 14.-Diagram showing final distribution of
moisture at end of season
for fallowed and cropped
soils with irrigations varying from no water to 40
.
.inches. Average for three more than the lower depths and the first
years.
five inches applied had a greater influence·

in proportion to the amount than the larger applications.
As.
was expected, the fallow plats contained the highest total percentage moisture although from the eighth foot downward there·
was a marginal. difference in favor ' of the cropped plats.
This.
was more apparent in the plats which received 20 and 40, inches .'
of water.
In the cropped plats receiving no water there was .
a decrease in moisture from the surface to the fourth foot, then,
an increase. For the unirrigated, fallowed soil the opposite was_
true-first an increase in moisture, then a decrease.
The same·
condition existed in the plats receiving 5 inches of water, but
the lower percentage occurred in the fifth and sixth feet for the·
cropped.
For the 20- ' and 40-inch appli cations th ere was a
fluctuating decrease from the surface to the full sampled depth.
The difference between cropped and fallow soils decreased
as the irrigation water applied increased.
In the first twocropped irrigation treatmen t s t h e plants seem ed to have used
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most of the available moisture, while in the last two the irrigation
. was sufficient to supply all needs of the plants and at the same
time leave considerable moisture in the soil. The first two treatments also show the soil zone in which plants extract most moi 'ture.
The data given in Figure 15 are derived from the same s'ource
as Figure 14. The data represented are the averages fQr the full
depth sampled for e~ch quantity of water applied.
The figur e
shows the percentage moisture increased regularly with the water
given for both fallowed and cropped soils.
This figure shows
more clearly that the difference in moisture content between the
PERCENTAGE
M OIS TURE
cropped and fallowed plats in"
creased inversely with the
quantity applied. The plants
,"" ,"
used most of the available
~"""""I
~""""""""""~
moisture of the smaller ap~
'-"
plications, but as the water increased the demands of the
," '0.:
,""
plants were satisfied with a
00."
00.""""""""~
smaller -percentage of the total
'0.:
,""" ," ,""" ~
water applied, thus leaving
larger quantities in the soil not
Fig. 15.-Diagram showing variation of moisture content in cropped used.
and fallow soils at the end of the
From the figures given to regrowing season· The quantities of present this experiment it is
~

Cropp ed

water given indicates the total
amount given during the summer.
Averages for three years.

evident that the efficiency of
water .increase~ inversely with
. the amount applied. This is not only true from the standpoint
of soil' moisture, but also true from the crop production point of
view.
At the end of the se ~s on the cropped plats which received 5
inches of water during the season contained to the full depth
sampled about ·12 per cent moistur-e; those receiving 10 inches
about 14.5 per cent; those receiving 20 inches about 15.6 per cent;
th ose receiving 30 inches about 17 per cent; and those receiving
40 inches about 17.2 per cent.
Even at the end of the growing
season the 10-inch irrigation -still had enough moisture-14.5 per
cent-to supp~rt plant growth and each 10 inches of water added
gave only an jncrease of 1 per cent until 40 inc~es were applied

SOIL MOISTURE STUDIES UNDER IRRIGATIO
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where an increase of only .2 per cent was shown over the 30-inch
application. This shows that a 30-inch irrigation was as efficient
as a 40-inch irrigation.
Effect of Manure
The influence of manure on the moisture content of oil, as
studied for the same three years and on the same plat de cribed
in the last discussion by averaging all irrigations.
A befor~,
the moisture determinations were made about the :fir t of September just after the corn crop had been removed.
The data given in Figure 16 are averages for the full depth
sampled showing the effects of varying amounts of manurenone, 5, and 15 tons-and different amounts of water from none
to" a total of 40 inche~ on the :final moisture content of cropped
soil.
In every te t except the
• NoMonure
~15 Tons Mdnu re
.
5 Tons Manure
last, there was a uniform
increase in moisture content as the amount of
3
water applied was increased for all amounts
of manure. The striking
feature of the diagram
Fig. 16.~Diagram iilhowing the effects is the difference in perof different amounts of manure on cropped
moisture beplats which received amounts of water vary- centage
ing from none to 40 inches. Average of tween no water applied,
three year~' results.
to 40 inches. The plat!
receiving no manure contained about 4 per cent more moisture
tha.n those receiving 5 tons, and the difference is about the same
for each irrigation. The plats which received 15 tons of manure
contained less moisture than the other ·two treatments when
no water was given. With 5 inches of wate~ the 5 and 15 tons of
manured plats were the same, and with the 10 inches or more of
water 15 tons of manure showed a moisture percentage about
equal to tha.t for no manure.
The data represented in Figure 17 show the result from
soils receiving the same treatments as in Figure 16 except that
fallow plats are shown in Figure 17 and cropped in Figure 16.
As expected the fallow plats showed an increase in moisture
over that in the cropped plats, but the general gain in moi ture
L~~
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~~~
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~pll.~---~~~--~~~~~~~~~
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was ~. h()llt the same; as
the amount of water increased t h e per centage
of moisture in the soil also increased. The manqre, however, showed
some difference when
."pp'"<UL--'-'-"-'-'..:....--'--~-'--'----'-...:..:..c..-'--'~...::.......L......::..::....~-'--:...:......:.:.::.-1 compared with the cropFig. 17. Diagram showing the effects of ped plats discussed under
different. amoun~s of manure on fallowed Figure 16. F or most irri.
.

N·oManure
~15TonSMa.nur e
STons Ma.nure

plats WhICh receIved amout;lts of water vary.
ing from none to 40 incnes. Aver age of gatlOns, except one, the
three years' results.
5-ton applicatIon of man-

ure where no water was applied resulted in a lower moisture
percentage than no manure or 15 tons.
With the 5-inch application of water the plats receiving 15 tons of · manure 'showed
a higher percentage of moisture than either no manure or 5 tons,
a.n d this increase is maintained for all irrigations.
The plats
receiving 5 tons of manure tended to increase faster in moisture
than the unmanured or plats manured at the rate of 15 tons until
20 inches of water were added after which there was practically
no appreciable increase.
The next amount of water given-20 inches-showed that
the plats which received no manure were lowest in moisture,
followed by 5 tons1 then by 15 tons of manure. Plats receiving
30 and 40 inches of water showed the moisture content lowest
in plats receiving 5 tons of manure and highest in those receiving
15 tons.
Figure 18 shows the distribution of moi ture to a depth of
ten feet for both fallow and cropped plats when no manure, 5
tons, and 15 tons were used. The data represented in this figure
are averages of all . irrigation treatments.
The most striking
thing brought out in this figure is the difference in distribution
of moisture at different depths bet ween the fall owed plats receiving no manure and those manured.
With no manure there
is a fluctuating bulking of the moisture in the second and the
seventh feet with a decrease both upward and downward fro m
With both 5 and 15 tons of man ure the same
these points.
bulking occurr ed in the same zone with a marked decrease in
moisture content in the eight-foot se tion: then a regular increase
to the full sampled depth.
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Fig. 18.-Diagram showing final distribution of
moisture when no manure, 5 tons, and 15 tons wer e
applied per acre. Averages of all irrigations for
three years.

In distribution of moisture the cropped plats were as peculiar as the fallowed. With no manure the first five feet contained
almost exactly the same percentage of moisture with a marked
increase in the sixth and seventh feet , then a decrease to the
tenth foot. The cropped plats receiving 5 a1?-d 15 tons of manure
were quite similar in distribution of moisture.
In both tests
about the same moisture content was maintained to the third .or
fourth foot when a rapid decrease took place, then a fluctuating
inClrease.
Although manured land did not show any increase in moisture when compared with that unmanured there is no reason f or
believing manure o~ no value.
The benefits of manure ar e
uumerous. It decreases the water cost of dry matter by increasing the fertility of the soil; it corrects physical conditions in the
soil, such as extreme lightness and heavjness; and it stimulates
bacterial action .
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SUMMARY
1. 'rhis bulletin contains results of everal thou and
moisture determinations of cropped and uncropped oil during
a number of years under irrigation.
2. ImportaJ?t literature bearing on the subject i reviewed.
3.
O'reat similarity V\ a " found in the content and di tributlon of moi ture in soil producing potatoe and sugar beets.
4. T'h e efficiency of water decreased with the amount
applied.
On beets and potatoes 1 inch weekly showed a higher
increase in moisture to a depth of 10 feet in proportion to the
amount applied than either 2V2, 5, or 7 V2 inches weekly. It also
gave a higher yield of the crop.
5. 'll'he initial per cent of moisture in the oil affected the
distribution of the water applied by irrigation.
6. Furrow irrigation was more effective In con, erving
moisture than flooding.
7. The lateral movement of moi ture in the soil after an
irrigation was slow, particularly in the upper feet.
8. A "straw mulch was more effective in conserving moisture than an earth mulch.
9. On soil to which irrigation water was applied, cultivation was more effective in conserving moi ture than pulling the
weed. ; but where the soil was not irrigated, the soil retain ed as
much water where the weeds were pulled as where the land was
cultivated.
10. The crop was able to reduce the moisture to a d epth of
10 feet.
11. The difference in the moisture of the cropped an i the
"uncropped soil was decreased with an increase in the amoun t of
irrigation.
12. Manure had very little effect on the distribution of
moi ture in the soil.
13. The application of more irrigation water than is actually
needed by the crop is a wasteful practice:
14. The farmer should study the moisture requirements of
hi .soil and then try to supply those requirements as efficiently
as possible.
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